Introduction
Speech pathologists, as well as other clinicians, are more and more stimulated to practice 'evidence-based' treatment. Therefore, measurements are needed to assess results of intervention. Voice disorders are multidimensional, and the assessment of voice disorders should be multidimensional as well, consisting of (video)laryngostroboscopy, assessment of voice quality and subjective self-evaluation of the voice by the patient [1] . For the assessment of voice quality, perceptual as well as objective measures are used. Although there is no consensus yet on what objective measures to use, it seems that multiparametric measures are better at assessing voice quality than single-parameter measures. The Dysphonia Severity Index (DSI) [2] is such a multiparametric measure, and has been used for assessment of voice quality for different groups of patients [3] [4] [5] [6] [7] [8] [9] [10] [11] . The DSI is derived from a multivariate analysis of 387 subjects with the goal to describe the perceived voice quality, based on objective measures. The classification of the severity of dysphonia was based on the perceptual assessment, which was scored for grade on the GRBAS scale [12] . The parameters used for the DSI are the highest fundamental frequency (F 0 -high in Hz), lowest intensity (I-low in dB SPL), maximum phonation time (MPT in s) and jitter (%). The DSI is constructed as DSI = 0.13 ! MPT + 0.0053 ! F 0 -high -0.26 ! I-low -1.18 ! jitter (%) + 12.4. It is constructed such that a perceptually normal voice (grade 0) corresponds with a DSI of +5; a severely dysphonic voice (grade 3) corresponds with a DSI of -5. Also scores beyond this range are possible (higher than +5 or lower than -5). An advantage of the DSI is that the parameters can be obtained relatively quickly and easily by speech pathologists in daily clinical practice.
When using an instrument to assess the effects of intervention on voice quality, it is important to know the variability and the measurement accuracy of that instrument, to be able to interpret differences in measurements, for example before and after therapy [13] . The variability of several single objective measures has been investigated [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . The results of these studies are rather diverse for the different measures. Therefore, the variability of a multiparametric measurement such as the DSI cannot be predicted from those results.
The purpose of this study was to test the interobserver variability and to investigate the test-retest variability of the DSI.
Methods

Subjects
Thirty nonsmoking adult volunteers (19 female, 11 male) without voice complaints participated in this study, performed at our Department of Otorhinolaryngology. They were recruited from employees and medical trainees of the hospital. The mean age of the subjects was 26 years (standard deviation, SD, 3.3 years, range 20-35 years). The subjects had no history of voice disorders or voice therapy. A speech therapist scored their voices perceptually as grade 0 on the GRBAS scale [12] .
Equipment
Intensity and frequency measurements were obtained with an automatically recording phonetograph (Pabon/Laryngograph 1997). A Sennheiser microphone (BG 2.0 dyn) was used. The distance between mouth and microphone was 30 cm. The MultiSpeech program (Kay Elemetrics) was used for calculating jitter. Audio recordings were made with a sampling rate of 11,025 Hz and 16 bits quantization. A stopwatch was used for measuring the MPT. Data recording took place in a room with 'living room acoustics' [23] .
Measurements
From all subjects, measurements for the following four parameters of the DSI were obtained: highest fundamental frequency, lowest intensity, MPT and jitter. Subsequently, the DSI was calculated for each subject.
Frequency and Intensity Measurements
The subjects were asked to phonate an /a/ as softly as possible at a comfortable pitch. After that, they were asked to produce an /a/, starting at a comfortable pitch going up to the highest and down to the lowest pitch. This instruction was accompanied by a demonstration by the speech pathologist. Frequency was measured in Hertz, intensity in dB SPL.
Maximum Phonation Time
The subjects were asked to inhale deeply and sustain an /a/ for as long as possible at a comfortable pitch and loudness. This was recorded 3 times; the longest measured phonation time in seconds was used.
Jitter The subjects phonated 3 times an /a/ at a comfortable pitch and loudness during approximately 3 s. The jitter was calculated on a sample of 1 s, starting half a second after the voice onset. The lowest result of the three calculations was used.
Measurement Schedules
The subjects were measured three times, with a time interval of approximately 1 week. Measurements were performed by two speech pathologists in two schedules. Schedule 1: measurement 1 and 2 by speech pathologist 1, measurement 3 by speech pathologist 2. Schedule 2: measurement 1 by speech pathologist 2, measurement 2 and 3 by speech pathologist 1.
The subjects were randomly assigned to one of the two schedules. To each schedule 15 patients were assigned. After the first measurement, subjects were explicitly told not to practice the tasks at home.
Statistics
For general interpretation of the reproducibility, a Bland-Altman plot was made for the first and third measurement. For analysis, the statistical program SAS was used. A variance component analysis in a random effect model was performed. Since in daily clinical practice the observer will vary, the analysis was performed with the observer and the subject as random variables and the time of measurement (1st, 2nd, 3rd) as fixed effect. To determine which part of the variability of the measurements is attributable to the differences between subjects, the Intraclass Correlation Coefficient (ICC) was calculated. The ICC is defined as the intersubject variance divided by the total variance. The other part of the difference between measurements is explained by differences between observers (interobserver) and the residual error (intraobserver and intrasubject). The standard error of measurement ( error ) is defined as the square root of the variance of the error (interobserver variance + residual variance). The SD of the difference between two duplicate measurements to the same subject equals error ؒ ͱ 2 .
Results
Of all 30 subjects, 22 completed 3 measurements (13 females, 9 males) and 8 subjects completed 2 measurements (6 females, 2 males). Five of those dropouts were measured twice by the same speech pathologist (schedule 1), 3 were measured by two speech pathologists (schedule 2).
The mean time interval between measurements 1 and 2 was 9 days (SD 6 days) and between measurements 2 and 3 it was also 9 days (SD 5 days). The mean time interval between measurements 1 and 3 was 18 days (SD 9). In table 1 , the mean values of the DSI and all separate parameters for the three different measurements are shown. Figure 1 shows a Bland-Altman plot of the first and the third DSI measurement. A Bland-Altman plot shows the difference between two measurements against their mean. In figure 1 the y-axis represents the difference between the first and the third measurement (DSI 3 -DSI 1), with the SD of the difference between DSI 1 and DSI 3. The x-axis shows the mean of DSI 1 and DSI 3. The plot shows that a large number of the subjects have a higher DSI the third time than the first time. The fixed effect of the time of measurement ('practice effect') on the DSI was +0.6 from 1st to 2nd measurement and +0.06 from 2nd to 3rd (overall p = 0.022).
The total variance of the DSI was 3.92. The intersubject variance was 3.11, the interobserver variance was 0.21 and the residual variance (intraobserver and intrasubject) was 0.60. The ICC was 0.79 (3.11/3.92). For the separate parameters, we found the following ICC values: 
Discussion
In this study, the interobserver and the test-retest variability of the DSI were investigated. When using an instrument for measuring changes in voice quality (for example before and after therapy), it is important to know the variability and the measurement accuracy of that instrument for the interpretation of the measurements in clinical practice. A test-retest study was done to analyze the relative contribution of various factors that result in differences between repeated measurements of the DSI. To be able to compare the various factors, the ICC was calculated. The measurement error was calculated to make it possible to determine whether a difference in DSI within one patient is significant, for example before and after therapy. The DSI was measured in a group of healthy people three times with a 1-week interval, by two speech pathologists. Eight subjects did not complete the 3 measurements planned. Dropout was mainly caused by subjects transferring to another work location. However, since those subjects were equally distributed over both measurement schedules, they do not affect the results.
The Bland-Altman plot shows that there is no relationship between the magnitude of the DSI score and the difference between the two measurements. The plot shows that a large number of the subjects have a higher DSI the third time than the first time; this is possibly due to a 'practice effect', although they were explicitly told not to practice the tasks at home. It is possible that the results were different on the second test because subjects were more familiar with the tasks. The largest contribution to this effect comes from the parameters highest fundamental frequency and MPT. The effect in these healthy subjects was 0.6 between the first and the second measurement. The effect is much smaller between the second and the third measurement. The overall effect is taken into account in the further analysis. It is, however, not clear whether this effect might change with the length of the time interval, and could be smaller or disappear with longer time intervals. Neither is it clear whether a similar effect will be present in patients. We chose a time interval of 1 week in this study because longer time intervals increase the likelihood that individual circumstances change and alter a subject's voice quality. In clinical practice, most time intervals will be much longer than 1 week, and usually will be at least 3 months or more. It is possible that the 'practice effect' may weaken or completely disappear over longer periods of time.
The differences in DSI between the different measurements are caused by 3 components: the intersubject variance, the interobserver variance and the combination of the intraobserver and the intrasubject variance (the residual variance). A reliable measure will be one where the intersubject variance provides the greatest contribution to overall variance. The ICC is 0.79, which means that the variance between subjects (intersubject) is indeed the largest part (79%) of the differences between measurements. The ICC of 0.79 is to be considered 'excellent' [24] . Of the separate parameters, the ICC values of F 0 -high and MPT are higher than of I-low and jitter, and of the DSI.
Although the measures used to calculate the DSI are objective, they are obtained from human performances and therefore dependent on cooperation of the subject and stimulation by the observer. Consequently, it is possible that there are differences between observers. The interobserver variance was 0.21. This means that only a small part (5%) of the differences between measurements is due to differences between different observers. This observer effect is not significant (p ! 0.05). In clinical practice, this means that it does not matter which observer is performing the measurements. This further suggests that studies of different institutes are comparable, assuming that measurements are made in the same way.
Studies of test-retest variability of objective measures of voice quality are sparse, as concluded by Carding et al. [13] as well. We did not find any reports on the test-retest variability of the DSI, or on other multiparametric measures. Furthermore, existing studies on single parameters use different statistical methods to calculate variability, which makes comparisons difficult. Several studies reported an ICC only for 'jitter'. Our results of the ICC of 'jitter' are comparable to the results of Carding et al. [13] and Bough et al. [14] . They found ICCs of 0.46 and 0.31, respectively, for 'jitter'; we found an ICC of 0.49. Also in other studies, 'jitter' is found to be quite variable [15, 17, 25, 26] . The only report we found about test-retest of 'highest fundamental frequency' [22] reported only differences in semitones. These differences were not significant. This is in concordance with the ICC of 0.87 we found. For the 'lowest intensity', it is found that test-retest results remain within about 3-dB differences [20] , and that the SD of the differences between two measures is 3 dB [19, 21] . We also found an SD of the difference between the first and third measurement of 3 dB and an ICC of 0.57. For the 'maximum phonation time', Lee et al. [18] reported consistent results for two different measurements. This is in concordance with the ICC of 0.84 in our study.
The measurement error of the DSI was 1.27. In clinical practice, this means that a difference in DSI between two measurements within the same subject is significant (p 1 0.05) when it is 2.49 (1.96 ؒ 1.27) or more. According to Wuyts et al. [2] , the range of scores of the DSI is between -5 and +5. In our clinical experience with quite a large group of patients with a wide range of severity of dysphonia, the range of scores is approximately between -8 and +8. A significant difference in DSI of 2.49 within one patient seems therefore to represent a relatively large difference. When the change in voice quality is quite clear, a larger difference will easily be found. However, in more subtle voice changes it is very well possible that a measured difference in DSI will not be significant. This significant difference in DSI of 2.49 is applicable to individual patients, but not when comparing groups of patients. The usefulness of the DSI in clinical practice, for example in measuring results of therapy, needs further investigation.
Conclusion
In repeated measurements of the DSI, the variability between subjects is the largest part. The ICC of 0.79 is to be considered good. The differences in measurements between different observers are not significant. Differences in DSI within one patient need to be larger than 2.49 to be significant.
